Appropriately organized in space, cell proliferation contributes to morphogenesis. Morphometric analyses on the spatial distribution of the mitotic neuroepithelial cells (mNEcs) in the developing chick optic tectum (OT) allow understanding how cell proliferation contributes to model the OT morphology.
Step 1: after the establishment of the IsO (19-21 somites), a medial zone of high mitotic density (medial ZHMD) appears at the cephalic border of the IsO node.
Step 2 (ED2): the medial ZHMD extends cephalically; the dorsal midline (future roof plate) elongates and forms a transient "dorsal crest" of dorsal convexity.
Step 3 (ED2-ED3): the medial ZHMD expands over the lateral-dorsal regions of each hemitectum; the mNEc density decreases along the dorsal midline and the ZHMD duplicates into two bilateral ZHMDs. The "dorsal crest" regresses while the lateral-dorsal regions grow acquire regular semicircular contours.
Step 4 (ED3-4): planar expansions of the OT lateral walls form two hemi-ovoid prominences on both sides. During this planar expansion the bilateral ZHMDs move cephalically and ventrally towards the central region of each hemitectum.
Step 5 (ED4-ED5): The decrease in mNEc density along the dorsal midline together with the re-localization of the ZHMDs at center of the OT lateral surfaces produces a medial groove separating both hemitectum into two bilateral tectal hemispheres.
Step 6 (ED6 onwards): a relative displacement of the ZHMDs towards the caudal region, accompanying an intense expansion of the cephalic regions, produces the two zones of high curvature corresponding to caudal pole of the OT observed at ED8-10. A "moving" ZHMD, by means of a sequence of simple changes, contributes to model the global OT morphology. Two zebrafish ENU-induced mutants, barely startednt1 (bas) and good effortnt2 (gef), were found by screening for abnormal eye development. Both mutants are characterized by successful initiation of the optic primordium, but a failure to mature. The bas phenotype is more severe and is grossly detected by 2 days post fertilization (dpf), whereas gef is observed at 3 dpf. Both mutants have disrupted retinal lamination. The photoreceptor array in gef mutants is disorganized and contains markedly fewer cells, whereas bas fry fail to generate any photoreceptors. At the time of retinal disruption, both mutant lenses seem unaffected. The gef mutant lens develops normally through 6 dpf, whereas the bas lens degenerates noticeably by 5 dpf. Both mutants are homozygous lethal and have no obvious dominant phenotype. While both mutants showed no obvious change in cell proliferation, based on PCNA immunohistochemistry, they both exhibited elevated levels of cell death throughout the CNS prior to gross morphological phenotypes, which may be the cause of lethality. Meiotic recombination placed the bas mutation on chromosome 1 and the gef mutation in a 1 Mb region on chromosome 9. Of the 11 genes in the chromosome 9 interval, none contained any coding region defects relative to wild-type. However, quantitative real-time PCR of these 11 genes showed a markedly decreased expression of only the integrin, beta-like 1 (itgbl1) gene in gef mutants relative to control siblings. Morpholino-mediated knockdown of itgbl1 and rescue of the gef mutant phenotype by injection of in vitrotranscribed itgbl1+ mRNA to confirm that itgbl1 corresponds to gef are underway. These data suggest a role for the novel gene itgbl1 in maintaining neuronal viability. The neurulation process is characterized by closure of the neural tube resulting from the formation of median hinge point (MHP) and the dorsolateral hinge points (DLHPs) in the neuroepithelium. These structures are features of three progressive closure modes -Mode 1 through Mode 3, occurring at embryonic days (E) 8.5, E9.0 and E9.5 in the early stages of mouse embryonic development. Previous studies have shown that glycosaminoglycans (GAGs) have roles in neural fold elevation, fusion and the closure of the neural tube. As such, we postulate the type and thus character of GAGs will vary from mode to mode. To investigate which GAG genes are involved in neural tube closure, we micro-dissected the closing posterior neuropore regions in mouse embryos at the three modes mentioned. We then carried out high density oligonucleotide microarray analyses to identify the myriad of GAG-related genes involved in the formation of the different structures (MHP and DLHPs) in these modes. Using several software analysis programs to analyze the microarray data, Sulf1 and Gpc1 were two such genes identified with their expressions increasing from Mode 1 through Mode 3. Immunohistochemistry studies to study the expression of these two genes in mouse embryonic posterior neuropore tissue regions from the three modes corroborated with our microarray data, i.e. the increase in expressions of both proteins increased from Mode 1 through Mode 3. Further in vitro functional studies on these two genes using a suitable neuroepithelium cell line derived from the neural tube are in progress. MARCKS, a major plasma membrane PKC substrate, is an actin modulating protein whose depletion in mice mainly affects neural development, including the appearance of cephalic neural tube defects (NTD). We have shown that MARCKS is transiently accumulated at the apical border of chick neural plate cells during neurulation. In order to understand the mechanistic roles of MARCKS and its translocation in this developmental process, we have pharmacologically modified the activity of key protein kinases on cultured chick embryos. Inhibiting GSK-3b with the teratogen LiCl only causes NTD at high doses, and these defects are associated to extensive cell death but not to MARCKS relocalization. As MARCKS association to the cell membrane is strongly inhibited by PKC phosphorylation, we then treated the embryos with PMA, a PKC agonist. In this case, NTD were extensive, and MARCKS was mostly detached from the membrane to granules in the cytoplasm. In the neural plate, cell polarity appeared affected, with extensive apical membrane blebbing and a displacement of apical markers to a central area of the neuroepithelium. The very ordered apical actin rings observed in control epithelium were completely distorted, with the formation of thick F-actin bundles irregularly accumulated throughout the neural plate. Interestingly, a fraction of PKC-phosphorylated MARCKS also appeared accumulated around, although not completely co-localizing with, these actin bundles. Our results show that PKC activity must be tightly regulated during neurulation and that even if the localization of most cellular MARCKS is sensitive to its deregulation, the presence of bundled actin filaments may interfere with its translocation to the cytoplasm. The chick embryonic brain undergoes rapid expansion dependent upon intra-luminal pressure (ILP) after the occlusion of the spinal neurocoel. Initially, the brain consists of more cavity than tissue and expands via pressure created by the accumulation of cerebrospinal fluid (CSF). Fluid accumulates by the continual transport of fluid across the neuroepithelium via an osmotic gradient while the brain cavity is a closed system. It is likely that both ILP and chemical factors within the CSF promote neuronal proliferation and differentiation by their cooperative interactions. It has been demonstrated that basic fibroblast growth factor (FGF2) and ILP are key regulators of neuronal proliferation and differentiation. During the early stages of development within the embryonic chick, the neuroepithelium is a source of FGF2 as is embryonic serum containing FGF2 from the notochord. It has been shown that a 50% decrease in cell number also occurs with a decrease in ILP while a continuous hyper-pressure state of ILP within chick embryos demonstrates that ILP does in fact lead to a higher number of mitotic cells with both the mitotic index and density of the mesencephalon being 2.5 times greater (or more) than the controls. The purpose of this research was to demonstrate if FGF2 and ILP control cell proliferation coordinately or independently. FGF2 in the CSF and its receptor on the neuroepithelium were blocked with anti-FGF2 and BEK respectively. Injections were made directly into the mesencephalon cavity of HH stage 18 embryos, allowed to develop for 4 h, fixed and sectioned for volume measurements. Focal adhesion kinase (FAK) is a membrane associated protein kinase forming part of the focal complex (FC) in cells associated with integrins; it can autoaphosphorylate in the presence of integrin signaling. Force, the result of cytoskeletal tension or fluid shear stress is required for maintenance and development of FC's. The neuroepithelium of the embyonic brain is subjected to fluid stress since it is a hollow fluid filled structure under tension created by intraluminal pressure generated by accumulation of cerebrospinal fluid (CSF). Changes in intraluminal pressure of the brain result in corresponding changes in cell number. Do FAKS known to respond to tension in other epithelial cells act as mechano-tranducers? Our hypothesis is that stress generated by the CSF upon the neuroepithelium is detected by FAK on its luminal surface which it transmits to the nucleus via the Src-dependent ERK1/2 cascade. We immunologically localized pFAK upon the neuroepithelium and examined its location using confocal microscopy at three stages of embryonic brain growth. Preliminary observations show that both pFAK and total FAK are on the basal and luminal surfaces starting at HH stage 10. The distribution is uniform along the luminal surface and there is always more pFAK on the basal surface associated with the extracellular matrix. FAK is present on the neuroepithelium of all three brain vesicles. Staining was less in the hindbrain than in the two anterior vesicles. FAK is often more pronounced in flexures along
